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METHOD FOR PRINTING OF TRANSISTOR 
ARRAYS ON PLASTIC SUBSTRATES 



Related App lication* 

1* invention Cairns prion* ,o provisiona, application ^ ^ ^ fijed ^ 

Field of the Invention 

more specifically to methods of manufacturing non line, a • 

ctunng non-lmear dev,ces for addressing electronic 

displays. 

Background ofthg Inygition 
Micro™^, panicle . based disp|ays _ ^ ^ ^ ^ 

vans,ors, where one or more ^ ^ ^ ^ ^ ^ 

Most e^p.es of nonfinear dements t0 date have ^ ^ ^ _ 

Prevent ,ar g e area de vic es from being readj , y ^ . ^ ^ 

silicon transistors on plastic or other flexible film. 



or 



create 
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Recently, there has been significant development in the area of organic semiconducting 
polymers and molecules. Thin film transistors have been made out of semiconducting polymers. 
See Bao et al., Soluble and Processable Regioregular Poly(3-he X ylthiopheneJ for Thin Film 
Field-Effector Transistor Applications' with High Mobility, Appl. Phys. Lett. 69(26), 4108 
(December 1996); and Bao et al., High-Performance Plastic Transistors Fabricated by Printing 
Technics, Chen, Mater. 1997, 9, 1299. U.S. Patent No. 5,574,291 describes addressing liquid 
crystal displays with transistors made out of semiconducting polymers.. While remarkable 
advances have been made in the performance of organic-based transistors, the mobility 
characteristics of many organic semiconductor materials and devices are insufficient to 
successfully drive many types of liquid crystal or emissive displays. Therefore, many organic- 
.. based transistors are not suitable for use with liquid crystal displays. 

In addition, liquid crystals can degrade the transistors when they come in contact with the 
transistors. Many organic semiconductor materials can be swollen by, or dissolved by, liquid 
crystalline fluids because those fluids.are good solvents. This solvent compatibility makes U 
challenging to design systems in which organic transistor devices can remain stable while in 
contact with or close proximity to liquid crystalline solvents, limiting their viability. 

Many organic-based transistors have been made using a screen printing technology, in 
which the organic material is squeezed through an opening in a mesh to produce fine lines. 
Lines having a pitch as small as about 250 microns have been printed using the screen printing 
technology. While this line spacing is adequate for some applications, it is preferable to 
construct transistors with much smaller features, a goal not readily reached using screen printing. 
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In addition, the solvent carrier used for supporting screen printable materials must have a 
certain range of viscosity and surface energy characteristics. Such solvent carriers can 
potentially interfere with the electrical characteristics of the semiconductor material of the 
transistors. Finding proper solvent carriers, therefore, is difficult 

. Summary of the Invention 

The invention relates to a method of manufacturing an electronic device. In one aspect, 
an electronic device is manufactured in accordance with the following steps. An ink-jet printing 
system is provided. The ink-jet printing system includes a print head and a transfer member. A 
substrate is provided. A plurality of ink drops are dispensed from the print head to a surface of 
the transfer member forming an ink pattern corresponding to at least a component of the 
electronic device. The plurality of ink drops can include a conductive material and/or a 
semiconductive material. The ink pattern is transferred from the transfer member to the 
substrate, thereby forming the component of the electronic device. 

In one embodiment, the ink drops include an organic conductive material and/or an " 
organic semiconductive material. In another embodiment, the ink drops include a colloidal 
inorganic conductive material and/or a colloidal inorganic semiconductive material, or 
organometallic material. In one embodiment, the ink drops further includes an insulating 



material. 



In one embodiment, the ink drops form an ink pattern corresponding to at least a 
component of a transistor, such as a source electrode, a drain electrode, a dielectric layer, 
semiconductor layer, or a gate electrode. 
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In one embodiment, the ink-jet printing system further includes an applicator for applying 
a release material to the transfer member. For example, the release material can be applied to a 
surface of the transfer member and the plurality of ink drops can be dispensed adjacent the 
release material. 

In one embodiment, », subslrate „ ^ ^ ^ ^ ^ ^ 

applying member. The substmte can be provided on a conveyor belt. Alternariveiy, a plurality 
of subtarates can be provided for a bateh process. The substrate can be flexible. 

In one embodiment, an electronic display media is provided and assembled with the 
electronic device. The electronic display media can include a phnality of microcapsules, where 
each capsule includes partides disperse* in a fluid. Alternative*, each microcapsule can include 
a bichromal sphere. 

Brief Descri ption of the Drawing 

The foregoing and other objects, features and advantages of the present invention, as weli 
as the invention itself, win be more fldly understood from the following description of prefened 
embodiments, when read together with me accompanying drawings, in which: 

Figure 1 a shows a cross-seetion view of a transistor according to one embodiment of the 
present invention. 

Figure lb shows a cross-section view of a transistor according to one embodiment of the 
present invention. 

Figure 2 shows a cross-section view of a diode according to one embodiment of the 
present invention. ■ 
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Figure 3 illustrates Inkjet printing according to one embodiment of the present invention. 

Figure 4 illustrates ink jet printing according to one embodiment of the present invention. 

Figure 5 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 6 illustrates ink jet printing using a transfer member according to one embodiment 
of the present invention. 

Figure 7a shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 7b shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 7c shows a top view of the electronic display of Figure7b with the display media 
and the first electrode removed. 

Figure 8 shows a cross-section view of a transistor according to one embodiment of the 
present invention. 

Figure 9 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 10 shows a cross-section view of an electronic display according to one 
embodiment of the present invention. 

Figure 1 la shows a partial cross-section view of an electronic ink according to one 
embodiment of the present invention. 
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Figure , ,„ ^ . paflia] ^ ^ ^ ^ ^ ^ ^ ^ 

embodiment of the present invention. 

Fi ^'>^-^a.c^^ onviwofanelKtron . cinkaccoidijigtooM 
embodiment of the present invention. 



of the 



present invention. 



Figure 12 illustrates a method of assemhlin™ i 

assembling an electromc display according to one 

embodiment. 

Detailed De S cription of P refaied Em bodi m ,n,. 
Referring «o Figure ,a, an „ rganic . based fie]d ^ ^ ^ ^ ^ ^ ^ 

electrode 14, an organic semiconductor 18 provided on th, * i , 

provided on the dielectric layer 16, and a source 

e l ^o d e 2 0a, d ad raine ,ec tt „ d e22p ro v H e donfteo ^ icseniconductor]8 . 

The SubsttateI2canb=flexibIe Fo r e X a m p,e, lhesubstrattl2cailbemadeofan ; 

(PBS), p olyimide Blm ( , g . ^ avaihb|e ^ ^ (wj]ni ^ ^ ^ ^ 

*= ga,e e,ec,r„ d e , 4 by a „„„. conducling „ ^ ^ ^ _ ^ ^ | _ 
other coating to accept the other structures. 
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The gate electrode 14, the source electrode 20, and the drain electrode 22, for example, 
can comprise a metal such as aluminum or gold. The electrodes 14, 20, 22 can also comprise a 
conductive polymer such as polythiophene or polyaniline. The electrodes 14, 20, 22 can further 
include a printed conductor such as a polymer film comprising metal particles such as silver or 
nickel, a printed conductor comprising a polymer film containing graphite or some other 
conductive carbon material, or a conductive oxide such as tin oxide or indium tin oxide. 

The dielectric layer 1 6, for example, can comprise a silicon dioxide layer. Alternatively, 
the dielectric layer 36 can comprise an insulating polymer such as pplyimide and its derivatives, 
poly-vinyl phenol, polymethylmethacrylate, polyvinyldenedifluoride, an inorganic oxide such as 
metal oxide, an inorganic nitride such as silicon nitride, or an inorganic/organic composite 
material such as an organic-substituted silicon oxide, or a sol-gel organosilicon glass. The - 
dielectric layer 36 can also comprise a bicylcobutene derivative (BCB) available from Dow ' 
Chemical (Midland, MI), spin-on glass, or dispersions of dielectric colloid materials in a binder 
or solvent. 

The semiconductor layer 1 8 can be an organic polymer. In one embodiment, the organic 
semiconductor comprises a polymeric or oligomeric semiconductor. Examples of suitable 
polymeric semiconductors include, but are not limited to, polythiophene, poIy(3- 
alkyl)thiophenes, alkyl-substituted oligothiophene, polythienylenevinylene, poly(para- 
phenylenevinylene) and doped versions of these polymers. An example of suitable oligomeric 
semiconductor is alpha-hexathienylene. Horowitz, Organic Field-Effect Transistors, Adv. 
Mater., 10, No. 5, p. 365 (1998) describes the use of unsubstituted and alkyl-substituted 
oligothiophenes in transistors. A field effect transistor made with regioregular poly(3- 
hexylthiophene) as the semiconductor layer is described in Bao et al., Soluble and Processable 



WO 00/36666 



PCT/US99/29789 



8 



; materials 



0 



^^, % , Appl .P hy , Lett . 69(26) , p . 4108(DecemberW6) . Afie , deffecttransistor 
made with chexathienytae is described fa U.S. Patem No. 5,659, I81 . 

In astother anaoodfaren,, ^ organk _ g ^ ^ ^ ^ 

pentacene, pnfaafacyanine, beilzodithiophene> ^ ^ ^ 

denvatives, tetracyanonapfahoouinone, a„ d ^isune.hy.anfa,^ The 
provided above for fonniag to ^ fc ^ ^ fc ^ ^ 

semiconductor layer are exemplary only Other suitahi. 

yo ^y- ^suitable matenals known to those skilled in the 
10 art having properties similar to those described aW*. k 

aescnbed above can be used in accordance with the present 

invention. 

Refe ™ 8,OFi ^'^^fa.ba3ed fl e,de ff ec ttt a n s ist o r 30facfa te aaubs tt a l e32 

iate electrode 34, an organic semiconductor 38 disposed adjacent the dielectric layer 36, and a 

-cee,cc tt ode40andadra i „e,ec,rode 42<i isposcda dj ace„,,„cd i elec«c, a yer3 6 a„dfa 
contact with the semiconductor layer 38. 

. The field effect transistor configurations provided in Ftgures la and lb are exemplary 

only. Other transistor designs known to those skilled in th „ u 

mose skilled in the art can be used in accordance with 

the present invention For examnU , ♦ 

n. example, a top gate structure in which the source and drain electrodes 

are placed adjacent the substrate covered hvth. • , 

te, covered by the semiconductor layer, which in turn is covered 

by the dielectric and gate electrode, can also be used in „ a 

an a.so be used ,n accordance with the present invention. 
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Back-to-back diodes may also be used as a non-linear element in an electronic display. 
Referring to Figure 2, a back-to-back organic-based diode 50 includes a substrate 51, a patterned 
stack of a first conductive layer 52 provided on the substrate 51, a layer 54 of p-type 
semiconducting material provided on the first conductive layer 52, a layer of n-type 56 
semiconducting material provided on the p-type semiconducting layer 54, a second layer of p- 
type semiconducting material 54' provided on the n-type semiconducting layer 56, and a second 
conductive layer 58 provided adjacent the second p-type semiconducting layer 54'. In another 
embodiment, the back-to-back diode is formed by depositing a stack consisting of a first 
conducting layer, a semiconducting layer, a second conducting layer characterized by a different 
work function than the first conducting layer, a second semiconducting layer, and a third 
conducting layer with the same work function as the first conducting layer. For example, gold 
and aluminum are known to have markedly different work functions and thus can be used as the 
first conducting layer and the second conducting layer. The diode configuration provided in 
Figure 2 . is exemplary only. 

The substrate 51 can be flexible and be made of various materials discussed above in 
connection with Figure la, and the conductors 52, 58 can be made of various materials such as 
conductive polymers or dispersions of conductive particles as discussed above. The 
semiconducting layers can be made from the organic semiconductors discussed above. Both n- 
type and p-type organic semiconductors are known to those skilled in the art. Other diode 
designs known to those skilled in the art can be implemented using the present invention. 

According to the present invention/one or more constituent layers of non-linear 
electronic devices such as the transistors of Figures la and lb and the diode of Figure 2 can be 
manufactured by ink -jet printing. 
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In one embodiment, the print head 62 can Amber include a fourth group of orifices 

^^^^^^^^^ 

completed thin film transistors. 

•nanothererobodiro ^Wrf,*,^^^ ' 

.n operation, the contro, assetno, y appiies the necessa. conno, signals t0 eac „ of ^ 
^---^uenceofprin^of^^^^ The ink drops 61 are 
^^^^-^ou^^eopenin^nthepriutH^,,^^^,, 

— — Theinhd rops6,dispe - on the suhshate 6, forn, an ink pa.ro whi oh 
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corresponds to a constituent layer of an electronic device. The ink patterns undergo a curing step 
or another processing step before subsequent layers are applied. 

Referring to Figure 4, the substrate 63 can be provided on a transport 64 which includes a 
stage 65 and a pair of rollers 66. The rollers 66 provide continuous movement of the substrate 63 
5 relative to the print head 62 resulting in a continuous printing process. Alternatively, multiple 
. substrates can be processed as a batch. 

In one embodiment, an electronic device can be manufactured using an ink-jet printer of 
Figure 5. The ink-jet printer 70 includes a control assembly 71, a print head 72, a transfer 
member 74, a tensioner 78, and a transport 82. The control assembly 71 includes sufficient 
10 driving electronics to allow for independent control of the dispensing of fluid drops from each of 
the. orifices. The control assembly also regulates the speed at which the transfer member 74 and 
substrates 80 move through the printer 70. 

The transfer member 74 can be a drum. Alternatively, the transfer member 74 can have 
another configuration sufficient for receiving ink drops to form an ink pattern and for transferring 

15 the ink pattern to a substrate 80. The transfer member 74 can include surface material which aids 
transfer of the ink pattern to the substrate 80. For example, the transfer member 74 can be coated 
with a thin film of an oil-based material to facilitate the transfer of aqueous-based ink drops from 
the surface of the transfer member 74. In one embodiment, the transfer member 74 is constructed 
of a rigid body and a surface material comprising a resilient polymeric material. In another 

20 embodiment, the surface of the transfer member 74 can be coated with a non-sticking layer such 
as silicone, silicone rubber or teflon. In one example, the transfer member 74 is made of an 
aluminum base material and a surface layer is made from silicon rubber doped with carbon filler 
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.opreve„,cha,geaccumu,a„on. lb. M^ta^.^ 

be chosen on the basis of sever,, papers, including prccisio „ „ ^ 
properties, surface properties, durability, and cost. 

5 Tire tensioner 76 can be a backing roller which, together with the transfer member 74, 

provides pressure to the substrate 80. Alternatively, the tensioner 76 can have another 
configuration sufficient to support and provide pressure t0 the substrate 80 . ^ 

of transporting the subset. 80 relative to the ^ansfer member 74 astd/or providing 
pressor ,o me subsume 80 «n be used in accordance with the preen, invention. The nunaport 
10 82 can include a pair of rollers as shown in Figure 5. 

In one embodiment, the ink-jet prime, ,„„ ^ ^ , plail2aiizer for p|affiari2jng 
the ink pattern provided on the substrate 80. 

In operation, a subsUate 80 is provided between dte tracer member 74 and the tensioner 
78. The substrate 80 is delivered to the transfer member 74 through the rollers 82, which " 
15 continuously move the substrate 80 relative to the transfer member 74. 

The control assembly 71 provides appropriate conuol commands (e.g. voltages) ,o the 
PA, head 72 to cause the print head 72 to dispense droplets of ink. The control assembly 7, 
produces an independent output signal for each orifice 86 on the print head 72. The signal 
waveform is selected based upon the print head design, and upon the fluid mechanical properties 
20 (e.g. density, viscosity, surface tension) of the ink material. The control assembly also 
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The prim head 72 dispense, ink ^ 84 on . surface ofthe „ 
the orifices 86. The ink drops 84 can inch.de . semiconductor materjal _ . ^ 
and/or an insuUtor materia, ,o form an electronic device. The ink drops can be organic material 
based or colloidal inorganic material based. The ink drops 84 form an ink partem 90, which 
corresponds ,o a portion of the efectronic device, on «he snrface of me transfer member 74. The 
transfer member 74 rotates relative to me subsrtate 80 unffl the portion of Ore transfer member 74 
having the ink pattern 90 comes in comae, with the substrate 80 . The ink pattern is transferred 
from the transfer member 74 to Ore subsrtate 80 as me rtansfer member 74 contacts the 
substrate 80. The ink pattern tmnsferren to the substrate 80 can subsequently be cooled, cured, 
or treated further ,o convert Ore ink material into a component of the electronic device. These 
steps are repeated until all the necessary components of an electronic device are printed on the 
substrate 80. Thereafter, elecrtonic device 92 is formed on me subshate 80. For some ink 
materials, i, is p re fe rab .c to cure the ink material after deposition on the transfer member 74, but 
before transferring it to the substrate 80. 

Alternatively, electronic devices can be manufactured using the ink-jet printer 100 of 
Figure 6. Tne ink-jet printer 100 of Figure 6 is substantially similar to the ink-jet printer 70 of 
Figure 5. In addition to the features ofthe ink-jet printer 70 of Figure 5, the ink-jet printer 100 
further includes a release agent applicator 102, a blade 106, and a stripper 104. 

The release agent applicator 102 can be a squeegee roller which rotates in the direction 
opposite that ofthe transfer member 74. The squeegee roller, along with the b.ade ,06, provide a 
controlled thin coating of a re.ease agent to be provided on a surface ofthe transfer member 74 
Prior to dtspensing the ink drops on the transfer member 74. Tbe release agent aids transfer of 
the ink pattern 90 to the substrate 80. The desirable properties ofthe re.ease agent depend 
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— * open me chemise of.be material jn ^ ilA ^ ]t . des . rawe fo r ^ ^ ^ 
•o have me following propel f„ ^ ink ^ ^ ^ ^ ^ ^ ^ ^ ^ 
*• Serene between the surface tension „f fte reIeas , agent ^ su face ^ ^ ^ 
mafcria, shoold be socb « a comae, a„ gl e of ^ ^ * ^ „ ^ ^ M ^ (j) ^ 

surface of the transfer member. 

The iak-je. prtoers provided in Figures Sml(n ^ ^ ^ 

present invention. 



) 



The ink-je, primer whicb uses ft, Wer member improve, the quality of pricing, 
"aking fte ^ image more precise . For exanipk> j( reitos wunteg prfnted ^ 

wbicb resuKs ftom ft e ^ of ft, jRk imo ft£ ^ ^ (o ^ ^ ^ ^ ^ ^ 

Also, fte Wer member's surface may be of macb bigber qudhy (smaUer surface 
raagboess and more caselully controlled surface chemiabv, maa ma, of fte subsbare. Therefore, 
*e ink paten, Wening from me War member ,o me subs,m,e can be more precise. 
Accordingrotbep^en, mvenrion, smaU drops of conductor or semiconducor can be deposi.ee 
» preeise.oea.ions on a sobs»a,e ,„ crea,e fine lines baving widft smaHer man 50 microna, win, 
precisely controlled spices between me lines. 

Using ftis teclmiqae, one or more non-linear devices can be fabricated. Pot example, a 
•tansistor can be constructed as follows. Firs,, a conducive ink soluuon is deposited i„ ,be 
dasired pauern on.o me .ransfer member, .referred ,„ a subsUa.e. and cured or toner 
processed ,o form a transit gatf . Sec0 „ di ,„ ^ ^ ^ ^ 
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pattem onto the transfer member, transferred to the substrate adjacent the transistor gate, and 
cured or further processed to form the gate dielectric. Third, a semiconducting ink solution is 
deposited in the desired pattern onto the transfer member, transferred to the substrate adjacent the 
gate dielectric, and cured to form the semiconducting thin film. Finally, the conductive ink 
solution is again applied in the desired pattern onto the transfer member, transferred to the 
substrate adjacent the semiconducting thin film, and cured or further processed to form the 
source and drain structures. This technique may be used to create any of a wide number of thin 
film transistor structures known to those skilled in the art. Means of curing printed materials to 
make them solvent resistant are well known to those skilled in the art. Such curing methods 
include, but are not limited to, heating, photochemical reaction, and solvent evaporation. Diodes 
and other electronic devices can be manufactured through ink jet printing in a manner similar to 
that described with respect to a transistor. 

The transistors and other electronic devices made in accordance with the present 
invention and as described above can be used in addressing an electronic display. Referring.to 
Figure 7a, an electronic display 1 10 includes a display media 1 12, a first electrode 1 16, a second 
electrode 1 18, an array of transistors 120, an array of row electrodes 117, and an array of column 
electrodes 1 15. The first electrode 1 16 is disposed on a first surface 11 1 of the display media 
1 12. In one embodiment, the first electrode 116 comprises a transparent, continuous electrode. 
The second electrode 1 1 8 disposed on a second surface 1 13 of the display media 112 comprises 
an array of patterned pixel electrodes 1 1 8. Each patterned electrode 1 1 8 defines a pixel of the 
display 1 10. The transistors 120 are located underneath the pixel electrodes 1 1 8. Each transistor 
120 is electrically connected to a pixel electrode 1 18 to address a pixel. A row electrode 1 17 is 
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eleotncaUy co M «=d * aU ft. transistors 120 in fc, column . 

— P-o fUKvi e wer ,„ .„ y , th _, storsl20canbE 

5 locate don the front side of the dismay 110 in *• u 

display 1 10. Ia this embodiment, transparent pixel electrodes 

would be positioned on the first surface 11 lofth^- , 

urtace 111 of the display media 11 2, while the continuous 

electrode would be positioned on the second surface 113 of t„ „• , 

surtace 1 13 of the display media 1 12 The 

continuous electrode need not be transparent. 

• ~'---^-^ mab o ut ,, toaboutl00%0fUlearcaofthepiMlthe 
display 1 1 0. Therefore, the transistors 1 M 

pixel addressed by the transi^tnr nn t 
20 „„., ™ S,S,Or ' 20 ' , " amOre ~-bod i r„e„ t , thesiKofUlelramistor 

'» '3 - - » of the area of the p ixel addressed by the transistor I2 0. 
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includes the first electrode 116', the transistors 120', the row electrodes 117', the column 
electrodes 1 15', and an insulator 121. In this embodiment, the transistors 120' are positioned 
adjacent the pixel electrodes 118'. 

In on* embodiment, an organic-based field effee. ttan.is.or is pro.ee.ed by a barrier layer. 
Tbe barrier layer pro.ee* me transistor from air, water, Hgh, or other environmental factors to 
which .he transistor can be sensitive. The battier layer also pro.ec.3 me transistor from the 
solvent of the display media, if necessary. Where te Mlvent of „ display ^ has , ^ 
Polaris from flre ttansister materiaf, contact between me solvent and Ae ttansistor may no, affec. 
m. transistor properties. However, where the solvent would affect .he properties of the ttansistor 
upon con**, the barrier layer segregates the solvent and the transistor. In one embodiment, the 
barrier layer is opaque. In one embodiment, the banter layer comprises a metal film such as an 
aluminum film. ,„ another embodiment, the barrier layer comprises a metal oxide coating such 
as Indium Oxide, Tin Oxide, Indium Tin Oxide, Silicon Monoxide, or Silicon Dioxide coating, 
A metal film , ayer or , Anting oxide film layer may require additional insulating layers ,o 
prevent unwanted electrical connections between ttansistor component, In anomer.embodimen, 
me barrier layer comprises a polymeric film containing fluorine. In another embodiment, tire 
terrier layer comprises a polymeric film containing absorbing panicIes or dyes ,„ ^ ^ 
embodiment, the battier layer comprises multiple layers of materials including metal and/or 
insulator. For example, the barrier layer can comprise a mul.i layer polymer composite film. 

Reletting to Figures 8 and 9, each transistor 130 is individually protected from the 
display media 1 32 by a barrier layer 1 34: Each transistor 130 is positioned adjacent a pixel 
electrode 136 on a substtate ,38. The column electrode 140, and the row electrode (no, shown) 
arc also provided on the substtate 138. The barrier layer ,34 Is positioned over a, leas, the . 
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--~'- scomKt5dtotherowelearode(Ilotshowl) 

^wtthaftrstbaarierlaye^. ^^^^^^ 
--Pi--— h*.^^^ .ZM*.^..,^ 

layer 233 and the second barrier laver a™ * i j L 

layer 235 are sealed, thereby forming a barrier capsule 236 

- psuIatinglhemayoftramistors23o ^^.^^ 

of openmg and providing a conductive material ,1, 

matenal rrarde the openmgs, ftcreby providing electrical 
contact between the drain electrode m „r,t _ . 

electrode 237 of the transta.br 230 and the pixel electrode 234. 

■n one embodiment, the diaplav is addressed in the lowing mamrer. While a voltage , 

«o.. C aehpi X e,,„, h a, rowisdrivenloaun . uestatenecWKrisiicsofihe ^^ 
^'^""O^-r-neapondingtome^^^^^^ 
^■sthenaeannedtn seance, sothata, image can be bnil, np across the entire displav ,„ 
-her embodrment, the electronic d,sp,a y comprises an irregular grouping o f p.els and 
electrodes, rather than a regular x-y grid of electrodes and pixels. 
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An electronic display comprising a microencapsulated particle-based display media and 
an organic-based field effect transistor offer numerous advantages. 

First, the display can be made inexpensively using a simple manufacturing process. For 
example, both the organic-based field effect transistor and the display media can be printed. 
Commonly owned U.S. Patent Application Serial No. 09/140,856 filed on August 27, 1998, 
incorporated herein by reference, describes an electronic display which is printed in its entirety. 
Since the entire display can be printed, the display can be made large. The display can possess a 
large number of pixels addressed in a row and column (also known as XY) addressing scheme. 
The display can also be made using flexible substrates. 

Second, the performance requirements for the organic-based field effect transistor when 
used in this particle-based display is not stringent. Because" of low current requirements of the 
particle-based encapsulated display media, transistors having moderate performance 
characteristic (i.e., transistor mobility of less than lOW/Vs) can be suitable for driving such 
display. 

Third, since a microencapsulated particle-based display is truly reflective, the underlying 
substrate need not be transparent. This offers significant design advantages for the combination 
of organic-based transistors and microencapsulated particle-based displays. For example, the 
transistor can be as large as the.pixel itself. 

Fourth, since the microencapsulated particle-based electrophoretic display can be bistable 
and require updating only occasionally, the organic transistor need not address the display 
continuously, which will extend the life of the transistor. 



WO 00/36666 



PCTAJS99/29789 



-20- 

Fifth, a microencapsulated particle-based disptoy media prevents fluid from the diaplay 
-dia from coming i„ contact with the transit device , ^ ^ ^ fc ^ 

transistor. 

In one embodiment, the dispiay media use. in forming the e.ectronic display of Figures 
5 7,70, S-,0 and ,„-„ c comprises a parricie-baaed dispiay media. ,„ one defied embodiment 
Utopariicie-baaeddispiaymefliacmpriaeaanaieoriomcina. An eiectronic ink is an 

optoelectronicallyacdve material which comprises at ler,st^ n >, 

cumprtses at least two phases: art electrophoretic 

con^stmediaphaaeaadacoathr^dhrgphase. ™= elec.ophore.ic phase comprises, in some 

embodiments, a single species of e.eouophoreflc parfldea disced in a dear or dyed medhrm, 

>0 . or more than one species of electrophone parUclea having distinct physica, and elecbica, 

charaotenaticsdisperaedmaclearordyedmemum^naomeembodimenumeelee^phoredc 
Phase is encapsulated, tha, is, .here is a capsnl, „a„ phaae between the two phases, The 
coaflng/bmdmg phase includes, in one embodiment a po,ymer matrix Ura, bounds the 
ele«rophoreflc phaae. In this embodiment, the po.ymer in the polymeric binder is capable of. 
" being dried, crosslinked, or otherwise cured aa in traditional inks, and therefore a printing 
processcan be used !to deposit the eleotronic ink onto a substrate. 

The optica, quality of an electric ink is quite distinct from other electronic display 
— . The most notable difference is th, Are elecbonic ink provides a high degree of both 
Stance and conbas, because i, is pigment baaed (aa are ordinary printing lnks) , ^ lighI 
» scattered from the elecbonic ink comes from a very thm ,ayer of pigment Cose to the top of the 

eastly viewed from a wrde ™ g e of viewing ang.es in the same mamrer as a printed page and 
-h mk approximates a Lambertian contrast curve more c,ose, v ta my olhtr e]ectro „ ic 
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display material. Since electronic ink can u printed _ , ( cm ^ . nciuded on ^ ^ ^ ^ 

any other primed material, including traditional Electronic ink can be made opdcaUy ^ 
in aJl disp.ay configurations, Ora, is, ta ink can be set , 0 , persjaenl ^ ^ ^ 

a display by printing an electronic ink is oarticularlv ncofi,i • i 

imc is particularly useful m low power applications because of 

this stability. 

Electronic ink displays are novel in «ha, they can be addressed by DC voltages and draw 
very lime current. As such, the conductive leads and electrode, used ,o deliver the voltage ,„ 
electronic ink displays can be of relatively high resistivity. The ability ,o use resistive 
conductors substantially widens the number and.type of materials tba, cat, be used as conductors 
in electronic ink display, In particular, tire use of oostly vacuum-spurtered indium tin oxide 
(ITO) conductors, a standard material h, Hquid crysral devices, is no. required. Aside from cos, 
savings, the replacement of ITO with other materials can provide benefits in appearance, 
processing capabilities (printed conductors), flexibility, and durability. Additionally, the primed 
electrodes are in comae, only with a solid binder, no, „i,h a fluid layer (like liquid crystals). 
This means ,ha, some conductive materials, which would othenvise dissolve or be degraded by 
contact wi,h liquid crys,als, can be used in an elecronic ink application. These include opaque 
metallic inks for me rear e|ecIrode ( , g _ ^ ^ ^ ^ ^ ^ 

transparent inks for either substrate. Thesa conductive coatings inolude conducting or 
semiconducting colloids, oxamples of which are indium tin oxide and antimony-doped tin oxide. 
Organic conductors (polymeric conducors and molecular organic conductors) also may be used. 
Polymers include, bu, are no, limi.ed ,o, polyamline and derivatives, polytiuophene and 
derivatives, pol y 3,4-e,h y le„edi„x y ,hiophene (PEDOT) and derivatives, po.ypyrrole and 
derivatives, and polyp„e„y,e„ev,„ y ,e„e (PPV) and derivatives. Organic molecu.ar conduce,. 
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<— * but are B0t limiled t0 , derivatjvM of ^ . phthaiocyai]ine ^ ^ 

conductivity requirements are not as strin 6 em. 

Figure „a shows an decfiophorefic disp, ay 430. The binder 432 inc,udes at leas, one 
oneembodim ^^^-.^^ ^. dta ^ d , aifclWd(iriii> 

^^^-3ca«er„^When^ wW ^ cfieWis _ e ^ partciM 

« — ^-^o^^andtha^^eofthedisp.a.thenappaare 
10 dark. 

' Figure Hh shows another e,ectrophoretic disp,ay 440. This d ispl a y comprises a fire, set 
of partiCes 442 and a second se, ofparde.es 444 in a capsuie 44, , The firs, se, ofparfie.es 442 

»■ PartiCes 442 and the second sc, of pa^Ces 444 can Have di ff erm 8 Cectrephoreoc mobiles 

"■ore. F„ r „am pl e, the first se, of partie.es 442 can „ e white, whi.e me second se, 

444 can he h,ae k . The caps„,e 44, further i„e,„des a substantia,* e.ear fluid. The capsu,= 44, 

h ase,ec, ro des44 6 a„d44,disposedad j ace„, i ,.Thee,ec, ro des44 6 ,44 6 .areconnec,ed,oa 

source of vo„a 6 e 44 8> which may pmvide an a„ema,,„ g - CUTC n, (AC , fle,d or a direc-eureen, 

20 (DC)fie]dtothecaDsu]e44l n™« r 

apsuJe 441. Upon apphcation of an electric field across the electrodes 446, 

446', the first set of particles 442 move toward electrode 44.V u u 

warn electrode 446 , while the second set of particles 

444 move toward electrode 446. 
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Figure 1 lc shows a suspended particle display 450. The suspended particle display 450 
includes needle-like particles 452 in a transparent fluid 454. The particles 452 change their 
orientation upon application of an AC field across the electrodes 456, 456'. When the AC field 
is applied, the particles 452 are oriented perpendicular with respect to the display surface and the 
display appears transparent. When the AC field is removed, the particles 452 are randomly 
oriented and the display 450 appears opaque. 

The electrophoretic displays provided in Figures 1 la-1 lc are exemplary only, and other 
electrophoretic displays can be used in accordance with the present invention. Other examples of 
electrophoretic displays are described in commonly owned, copending U.S. Patent Application 
Serial Numbers 08/935,800 and 09/140,792 which are incorporated herein by reference. 

The successful construction of an encapsulated electrophoretic display requires the proper 
interaction of a binder for binding the capsules to a substrate, electrophoretic particles, fluid (for 
example, to surround the^electrophoretic particles and provide a medium for migration), and a 
capsule membrane (for example, for enclosing the electrophoretic particles and fluid) must all be 
chemically compatible. The capsule membranes may engage in useful surface interactions with 
the electrophoretic particles, or may act as an inert physical boundary between the fluid and the 
binder. Polymer binders may set as adhesives between capsule membranes and electrode 
surfaces. 

Various materials may be used to create electrophoretic displays. Selection of these 
materials is based on the functional constituents of the display to be manufactured. Such 
factional constituents include, but are not limited'to, particles, dyes, suspending fluids/ 
stabilizing/charging additives, and binders. In one embodiment, types of particles that may be 
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^d\ ^ suspended particle displays include scattering pigments, absorbing pigments 

.-wHcbmaybeccatedincneo^n^^.^^^^^^ 

SncbpactiCesmay , ccn^ctcd as comet cubes,umi„esce„, 
^---■-^-^epatncie,,^^^ 

^^-^ fcrraamplMyKortoTypKofdycsfOTi 

thermal, photochemical, and chemical diffusion processes Sin,. H • 

n processes. Smgle dyes or mixtures of dyes may 

also be used. 



or 
use in 



A suspending (7.e., electrophoretic) fluid ; 
may be a single fluid, or it may be; 



may be a high resistivity fluid. The suspending 

fluid may be a sinoi^ fl»,M 

m ' X1Ure ° f ^ OT ™" Tbe suspending fluid 
^'^'^^^^^^^^ 

^ M -~ kn --~«'*-'*~-~ M^sucnas 

7 8 "'^ ^^^^'---^o'-ispolyccbl^oninootoedtylene, Th e 
*- of polymerization mt this pol yiMr may be from ^ , ^ 
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10. 

Furthermore, capsules may be formed in or l,t ,r 

ormed m, or later d.spersed in, a binder. Materials for 

as binders include water-soluble polymers water Hi, , , 

P ymers, water-d.spersed polymers, oil-soluble polymers 

thermoset polymers, thermoplastic polymers ™* 

polymers, and uv- or radiation-cured polymers. 



use 
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While the examples described here are feed nsing encapsulated ekctrophoretic 
there are other parricle-based display media tha, also should work well, inciuding encapauia.ed 
suspended parrie.es and rotaring baU displays. Orher display media, such as liquid erysrais and 
magnetic panicles, also can be useful. 

In some cases, a separate encapsulation step of tire process is not necesauy. The 
elec.ropho.tic fluid may be direcriy dispersed or emulsified irrto the binder (or a precursor ,o tire 
binder materia,, to form what may be cafled a "polymer-dispersed electiophoretic display." ,„ 
such displays, the individual electiophoretic phases may be referred ,o as capsules or 
microcapstries even though no capsule membrane is present. Such po.ynter-disperaed 
electiophoretic displays are considered ,o be subsets of encapsulated electrophone disp,ays. 

In an encapsulared electiophoretic display, the binder material surrounds the capsu.es and 
separates the two bounding electrodes. This binder materia, must be compatible with me capsule 
and bounding electrodes and must possess properties ma, allow for facile printing or coating. „ 
may also possess barrier properties for water, oxygen, ultraviolet light, the electiophoretic fluid, 
or other materials. Further, i, may contain surfactants and crossing agents, which cou,d aid 
in coating or durability. The po.ymer-dispersed elecrophoretic display may be of the emulsion 
or phase separation type. 

In another detailed embodiment, the display media can comprise a plurality of bichromal 
spheres shown in Figure 1 Id. A bichromal sphere 460 typically comprises a positively charged 
hemisphere 462 of a first colorand a negatively charged hemisphere 464 of a second color in a 
liquid medium 466. Upon appl.cation of an electric fie,d across me sphere 460 through a pair of 
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462,464. 

In one embodiment, an electronic display is created h • , 

p,ay 1S created b y Printing the entire display or a 

portion of the display The term »• . 

P y. met.™ pn n0llg ts intended to include all fo,™ of prin,i ngana 

brush coating; air knife coating- screen nrinh-„ 

ting, screen printing processes; electrostatic printing processes; ■ 

thermal printing processes; and other similar techniques In, ™f a u 

<* lecnniques. In a preferred embodiment, the entire 

*sp.ay o, a porton of me & p, ay istt . jet pAted ^ g a ^ member . 

Referring to Figure 12, a,,,* ^ media ^ h „ , 

subara^comprism, a ,0,^504. 1,™.^^,^,^ 
capsule comprisi„ g elee.ophore.le parses 50S diaper in a fluid 5,0, and a binder 512 ean be 

"* Pattem is s "f sequently eontaet transferred to a substrate 502 c _ • ■ 

« suostrate 502 comprrsing a top electrode 504. 

In another embodiment, the top electrode 504 ii„if • • i ■ 

P eiectroae 504, itself, is mk-jet printed to form a thin 

inductive film on the substrate 502 prior ,o ink,* printing , e mjcrocapsu , es m ^ ^ . 
used to coa, theaubstrate 502 ma y be a nanocrystalline suspension of indium tin oxide (,TO, or 
-> * selected from a range of electrically conducing polymer, A„ema,ively,,he display 
«* 500 can be prepared using other printing methods or other appropriate nompriming 
methods known to those skilled in the art. 
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Referring to Figure 12, step 2, column electrodes 520, row electrodes (not shown), and 
Pixel electrodes 522, as well as organic-based transistors 524 can be ink-jet printed on a 
substrate 526 using a transfer member as discussed above. The conductor for formingthe 
electrodes can be any one of the following materials: organic conductor, molten metal, 
5 -"ductivepol^ 

Alternatively, the electrodes can be provided using another printing method, evaporation, 
deposition or other suitable processing methods, while the transistors are ink-jet printed. 

Referring to Figure 12, step 3, the display media 500 provided on the substrate 502 and 
the electronics 530 provided on the substrate 526 can be assembled to form an electronic display 
10 600. For example, the display media 500 and the electronic 530 can be laminated and sealed for 
. protection. 

While the invention has been particularly shown and described with reference to specific 
. preferred embodiments, it should be understood by those skilled in the art that various changes in 
form and detail may be made therein without departing from the spirit and scope of the invention 
15 as defined by the appended claims. 

What is claimed is: 
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Claims 

' >■ A^odof^c^ ^^^^^^ 



2 
3 

4 

5 
6 
7 



b) providing a substrate; 

0 ^ a plurality of ink ^ fom fte ^ ^ . a ^ ^ ^ 

d ^^^»^^co mp H &gatleaaoacofacon ^ vMmda 
semiconductive material; and 



the component of the electronic device. 

2- , ^^,„ gsyMm fcrthercom . risesan . 
aPP "° a,0r f ° r aPP ' yi "^ , Che ttansf er member . 

3- ^ n,e«,o d of claim , ^ step b) provwing ^ ^ m ^ 
belt. 



4 * The method of claim 1 wherein ct^ k\ 

wherem step b) compnses providing a plurality substrates as a 

batch. 



5 ^ me ' h0d ° f C ' aim ' «* «. P-ioeo be,w=e„ th e W er member 

and a pressure applying member. 
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1 6. The method of claim 1 wherein the plurality of ink drops further comprises an insulating 

2 material. 

' 7. The method ofctafaU wherein the plunuityofinkdmpsfonnaninkpauern 

2 corresponding to at least a component of a transistor. 

> 8. The method of claim , runner comprising the step ofapplying a release material to a 

I surface of the transfer member and step c) comprises dispensing «he plurahty of ink drops 

I adjacent the release material 

9. The merhod of Cairn 1 further comprising rotating the n^sfa member between steps c) 
and d). 

10. The method of claim 1 wherein step c) comprises dicing a plurality of inJc drops by 
applying a voltage signal to' the print head. 

11. The method of claim 9 further comprising providing a controller for controlling an 
application of the voltage signal. 

12- The method of claim 1 wherein step b) comprises providing a flexible substrate. 

13- Themethod of claim, wherein the plurality of ink drops comprises at least one of an 
organic conductive material and an organic semiconductive material. 

14- The method of claim 1 wherein the plurality of ink drops comprises at least one of a 
colloidal inorganic conductive material and a colloidal inorganic semiconductive 
material. 



-^^.w*^- , _ _ 
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• * ^-*-^'wHe rcinUl e plmBtyonnkdropscomprisesatleastoneofa 

^^^^^^^^^^ 
1 16. The method of claim 1 further 



' 17. The methodof claim 1 whereinthep^ity of ink drops form 



compnsing the step of planarizing the electronic device. 

an ink pattern 



3 device. 



—bih, device ^4. electron displayme& 

■n-croca^es, each ^ incWing a piuraijiy ^ ^ ^ ^ ^ ^ 

»• ne ^°f^n.>»h. rei „ M ep c)comprisesdispensingapWi(yof ^ drops 
fom, m g ft. ink pattenl having a wid(h of |ess abou( M ^ 

1 22- The method . 



2 



of Cairn 1 wherein s,ep d) comprises ^ jnk panem ^ ^ ^ 

provided on the substrate and registering ih. i 

registering the placement of the ink pattern relative to the 

5 object. 

' * TnenretHodofciaimc ^e r ei n , h eo bj ee,co mprteo „ eofaregislrationmarkia 
conductive p.««m, and another electronic device. 
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The method of claim 1 wherein the plurality of ink drops form an ink pattern 
corresponding to at least a component of a diode. 



An electronic device made by the method of claim 1. 
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